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Necessary conditicns for a chemical reaction to proceed in the form of
an explosion are (1)a highly exothermic character of the reaction (a high ])
and 12)tormation of a iarge volume of gaseous products as a result of the
reaction (a high V,). Howsver, until the present, it was not quite clear
vhether fulfiilment of these two conditions determines by itself the ability
¢f a reaction to azsume an explcsive form. The purpose of the present work
{s tc furnish experimental proof that any reaction which fulfills the two
above-mentioned conditions not only can, but must take place in the form of
an expiosion if a sufficlently strong initial impulse has been imparted to
the system. = : BT T T R A

Published results db not indicate at what lowest values.af Q and Vg the
reacticn cen still Assume the character of anrexplosion. ‘This.undovbtedly
depends cn the individual propertiles of the substance, such as the strength
of bonds, magnitude of the energy of activation, etc.. In view of the gbsence
of any other existing results that have a bearing on our thesis, we at pres-
ent extend the validity of the conditions assumed by us only to reactions
in which Q 1000 kilocalories/kg and Vo 500 liters/kg.

A strong initial impulse 1ls necessary to produce locally & sufficiently
great increase of pressure and temperature (pressure boost) to ensble the
explosion to gtart. The explosive properties of many substances and mixtures
were discovered cnly after an initial impulse had been applied to them which
was strong enough to set them off. .The Leuna-saltpeter explosion at Oppau

in 1921 is a good example.
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Tn selecting chemical systems for our experiments, we vere guided by the
fcllowing considerations: (1) the decomposition reaction of the substance
¢r mixture in question must be highly exothermic and must result in the forma-
tizn of & large voiume of gaseous products; {2) the initial system must not
have koown explosive properties or contain labile chemical groupings the pres-
ence cof which raises a suspicion to the effect that a tendency toward explosive
decomposition may be exhibited. Because individual chemical substances which
comply with these requirements do not exist, we regorted to mixtures.

One =f the highest excthermic reactions is the combination of magnesium
or alurinum with oxygen. In the formation of Alz03, 378 kilocalories per
molscuie ave evolved, which corresponds to 3.7 kilocalories per one gram of
cx4de, This ¢ompares «¢ith only 98 kilocalories per molecule in the oxidation
of zarbon to 0z or 2.7 kilotalories per gram of COz. In the reaction of Al
or Mg with 0z, no gas is eveived, however. For that reason, we selected sub-
ctances which in the pricess of oxidizing Al or Mg also yield a large quantity
of gas, In doing a2, we concentrated on substances that contain a large pro-
portion of hydrogen. Substauces which evolve much hydrogen obviously produce
a lavge volume of gae be:ause hydrogen, being the lightest gas, occuples the
largest volume per unit of weight. .

Thus we celected water and, among more complex hydrogen-rich substances,
the first stages of the cwxidation of aliphatic hydrocarbonms, 1.e., aliphatic
alcshels, aldehydes, and ketones. The hydrogen content and the heat of forma-
tion of eubstsnces which seemed most suitable are listed in appended table 1.
This teble also ilste the suppoused course of the reaction of the substances
ir gquestion with magpesium and aluminmm and the following physicochemical
crarasteristics which have been calculated on the basis of the reaction equa-
ticms: (1) remction heat Q; (2) volume of gaseous reaction products Vg;

{3) Berthelot's specific product Q X V,. As can be seen from the table, a
mixture of magnesium or aluminum with water or with an aliphatic oxygen com-
pound surpasses the most powerful explosives (trimethylene trinitramine or
nitzaglycerins)}, in regard to the excthermic quality of the reaction and in
many cases dcee nut lag tehind them in regard tc the volume of gas evolved
in the expliceior.

Our final chotce for the experimental investigation consisted of mixtures
of Mg ¢r Al with water cr methyi slcohol (A. A. Shidlovskiy, DAN SSSR, Vol LI,
1946). The first aim was to estsblish that the mixtures in question actually
expiode. In the investigaticn of the mixbure CH20H + Mg, the problem was
tackled on a scmewhat more extensive scale in that the gaseous products were
analyzed and their average molecular welght was determined for the purpose
of eztablishing the character of the explosive deccmposition. The average
ariectlar weight was determined by £111ling an evacuated glaess sphere having
a voiume of 100 cu c¢m with the gas and then weighing the sphere and contents.

The basic conditions which guarantee & reliable initiation of an explo-
sion in the ctherwise very inert mixtures selected by us are (1) use of large
charges of the mixtures being tested (50-100 g); (2) use of a powerful initial
impulse (for instance, one produced by an auxiliary tetryl detonator weighing
8-12 g); (3) presence of a strong outer shell surrounding the charge (the
mixtures were placed into thick-walled lead beakers).

The necessity of using large charges was established by us on the example
of mixture No 1. When 50 g of this mixture were used in a thick-walled lead
beaker, an explosive transformation could be achieved. On the other hand,
when 10 g were acted upon by the same initial charge on a Trauzl block, no
explosion occurred and no widening of the channel took place. The necessity
of using large charges aleo becomes apparent after results of experiments
No 2 and 2 and also No 5 and 6 {appendéd table 2) have been compared with
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esch sther. The fact that a strong shell 15 required was established by
carrying cut Hess tests on 50-g charges of the same mixtures. Under the
circumstances, cimpression of the lead shafts either did not take place
at all or amcunted to a maximum of 2-2 mm.

The d‘mensione of the lead breakers were &B follows (in mm) 3

Size Ht Depth Outer Dia Inner Dia
Large 200 120 78 38
Small ks 110 68 Lo

The mixtures were prepared by pouring & weighned quantity of magnesium
or &luminvm powder tutc the lead beaker, moistening the powder with the re-
quired quantity °f water ov methyi alcohol, and mixing the moist mass with a
giazg rod. The mivture was then siightly compressed with a wooden pestle.
The magneaiur and alumimun Were used 1n the form of prwders which had been
a+fted thriugh a No 78 sieve. The use of g fine aluminum powder (pudra) in
cne instancs hes been sspevinily mentiored in Table =.

Tr ~btein howogercus mixtures in the case of Hz0+ Al powder, 4% of gela-
tine {in an aguetus szlution) had to be introduced, while in the experiment
with CHAOE & Mg the praportlon had to be changed slightly from the one com-
puted theoretically by reducing the quantity of methyl alcohol. For creating
the initial impulsze, a N> 8 blaating cap was used, in many cases reinforced
with a tetryl blaz=ing chavge. The tetryl charge, which weighed 8-12 g and
had a diameter 2f 20 mm, was placed into the mixture in such a manner that
its upper surface wes <n the same jevel as the surface of the mixture.

Tn all experiments the mixture was set of¢ in a Bichel bombd having an
inner volume of 17.0 literz. In those experimenta in which an investigation
of the gasecus preducts waz also carried cut, the Fichel bemb was first
evacuated. The fact that sn expliosive decomposition did take place was es-
tablished on the basis of the deformatizn to which the lead beskers had been
sub jected; the degree of this def~ruation vwas recorded photographically in
all caees. In working with the mixtures H.O 4+ Mg and CHOH + Mg, the degree
of completeness of the sxpivsioun was checked oy measuring the volume of the
gasenuas preducts.

The results of the experimsnts are cited in Table 2 and 1llustrated by
photcgraphs 1-7, the pumbers of which correspond to those under which the
experiments are listed in Table 2 [ﬁhotcgraphs are available in the original
publicatior at the Library of Crmgress_u] It is apparent from the data given
1n the table and from the phetographs that all mixtures under investigation
turned out to he capeble of explosive decompositionm. The mixture most sensi-
tive to the initial impulse was H,O + Mg, which ¢ould be set off with the
blasting cap alcne. In mixtures 20 + Al and CH30H + Mg, an auxiliary blast-
ing charge of tetryl had to be used. On the basis of the deformation of the
lead beakers (photographe L and 5), one must conclude that the mixture
CH2O0H + Mg exerts the greatest destructive action. An analysis of the gas-
eous explosion products foamed in experiment No 5 yielded the following
resultss COp - 0.20%, Oz - 15%, CO - 22.5%, Hp - 50.6%, CH4 - 11.9%,

Np - 13.6%. Apparently, the explosive reaction of magnesium with methyl
alcohol takes place under turmation of methane in addition to that of hydro-
ger.. The formaticn of carben monoxide mwust be ascribed to the presence of
the tetryl detonator.

The author wishes to thank Prof K. K. Andreyev for the interest evinced
in this work.
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CONCLUSIONS l

1. On the basis of thermochemical calculations, the existence of a num-
ber of new explosive mixtures was predicted. ’

2., Among these mixtures, (1) H)O + Mg, (2) Hz0 + Al, (3) CH30H + Mg
were proven experimentally to be capsble of explosive decomposition.

[See tables on following pages 7

”'Sanltlzed Copy Approved for Release 2011/09/14 : CIA-RDP80-00809A000600380724-6



Sanitized Copy Approved for Release 2011/09/14 : CIA-RDP80-00809A000600380724-6

-
4 Table 1. Physicochemical Characteristics of Oxidauts and Explosive Mixtures g’A
Explosion Berthe-
Hydrogen Hest of Heat Q Specific lot's
Cont in Formation Assumed Equation (kilocal- Vol of Specific
" Expt Oxidant (kilocal- Comp of Mixture of Explosion ories/ Gases Vg Product
- . No oxidant (%) © -ories/mol) (wt %) Reaction mol) (1/kg) " Q x V¥
. v N
1 Water 11.1 68.4 HpO - 43, Mg - 57 Eo0 + Mg = Mg0+ Hy 1,860 530 991,000
2 Water 1.1 68.4 HyO - 50, Al - 50 3 HeO + 2 Al = Alp03+3Hy 1,660 622 995,000
3 Methyl 12.5 51k CH30H - 57, Mg - 43 CH3OH + Mg = Mg0 + C + 1,560 780 1,220,000
alcohol 2 Hp
4 Methyl 12.5 51 CH0H - 66, Mg - 34 3 CH3OH + 2 Mg = 2 Mg0 1,180 1,090 1,240,000
alcohol 2°c + CO+ 6 Hp
] .
w5 Gylcer®: B.7 17h.2 C3H5(0H)3 ~ 56, C3H5(OH)3 + 3 Mg = 3 Mg0+ 1,680 560 941,000
: ine Ha - b 3+ 88,
6 Acetal- 9.1 8.7 CH3CHO - 64, Mg - 36 CH3CHO + Mg = MgO + 2C + 1,420 665 glik, 000
dehyde 2 Hp
T Acetone  10.4 58.7 (CH3)2CO - 70, Mg - 30 (cag])Ieco + Mg=Mg0+3C 1,061 820 870,000
2
8 - - - Hexogen (trimethylene C3HgNgOg = COp+ 2 CO+ 1,365 908 1,149,000
trinitramine) - 100 3 ggos+ Hp :‘C N» ’ e STAT

[For comparison]

Note: The characteristics of the explosive mixtures were obtained by calculation.
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Table 2. Investigetion of Capacity of Mixtures to Undergo Explosive Decomposition (Explosion in a Bichel Bonb) i )
Results of Experiment

Experimental Conditions

Quantity
of Mix- Aux Type Extent of Character of Reaction, . Avg
ture (gr) Density Deto- of Deformation Vol of Gas, Solid Specific . Mol
Expt Comp of Mixtures Used in of nating Lead of Lead Residue in Bomb Vol of Wt of
\ No (vt %) Expt Mixture Chg Beaker Beaker After Expt Gases (Vo) Gases
1 HyO - 43, Mg - 57 50 0.6 - Lerge Consider- Complete explosion; 513 1/kg -
gble Mg0 in form of lumps
and white deposit;
v=26.6 1

2 0 - 50, Al - 50 50 “1.1 - Large Very slight Reaction incomplete: - -
fine powder) large quantity of moist
aluminum powder remained

'
' =
o =
v 93 0 - 48, AL - 48 100 1.4 Tetryl, Small Total de- A1;0, powder and some - -
! gelatine - 4) 8.6 gr struction metallic Al present
b CH30H - 36, Mg - 64 55 - Tetryl, Large Total de- Jomplete explosion; >370 1/kg 11.6
11.5 gr struction v >28.5 1; grey-black
residue

5 C'E3OH - 50, Mg - 50 ko 0.7 Tetryl, Small Total de- Incomplete explosion; - T80 l/kg 12.5
8.1 gr struction =36.8 1; grey-black STAT
residue

6 CH30H - 50, Mg - 50 ko 0.7 - Smell Inextensive Incomplete explosion; - n.1
one-sided V = 16 1; some residue
destruc- of unchanged composi-
tion tion

0.9 - Large Inextensive Some residue consisting -

T Trinitrotoluene 10
of soot

(for comparison)
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68 40
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RROM ' YPOBHE C’ NOBEPXHOCTHIO CMECK. PR e
ONMTAX NIOAPMB CMecH -npoussonuacs s GonGe Buxens, ‘HueameR -

g Fipy: QUNTAX, CENSSNEHX ¢ mecaenoBAMNeN. T88006- |
spuss, GouGa Bhxeas npeARSPNTEALEO BAKYyMHPORRAACH. |
_n_orogpm,oxeruiu CHeceR YCTAHABANBANOCH HA oc

LU B DeayALTATE QUUTA AehOpHALNN CBUNLORME CTAKEROB; CT
hn‘mp NKHDR - BCEX ODMTAX. admax, - -

Sanitized Copy Approved for Release 2011/09/14 : CIA-RDP80-00809A000600380724-6 “




Sanitized Copy Approved for Release 2011/09/14 : CIA-RDP80-00809A000600380724-6

1 Bopus “m . MgQ 513a/sr
‘uge Kyckos . Gexoro - :
Jen_;'.v-_z_ﬁ.h )
. Peaxnxt We TpOmia X0 -
xouRa; 6OXBIOE  XOENUE- .
-CTRO . RARNMOR  AOMNEEC

pOR TyRPM - - - K >

.covettec i B

sin moamal > 310 g
R 25 'OCTATOKX CE£PO- .

Sanitized Copy Approved for Release 2011/09/14 : CIA-RDP80-00809A000600380724-6

80 ajir |

.

oad IrDrendsg




0 N
-y 1}
'

Sanitized Copy Approve for Release 2011/09/14 :

G

CIA-RDP80-OO809AOOO_00380724-6
-

A A, [Huda08eKud .

B

HauGonee' yyscTpuTEALMON K HIHUHANBHOMY

V.H,O'-{- Mg, B3puB KoTopofl yaanock pu3BaTh NG’
eech H0+-Al CH,OH - My noxasanit ceGn Gonee WHEDTHLMH, H
\a08aTh HonoaukTeasiLl seTonarop — Tet

, KACHHSE B NX B3PHBA NPHINIAOCE HCHON
prrioBY0 WALIKY.

amuyaLCy | oxasanack cMech
10O U KANCROAs-IeTOATONT;
ann 8030V

.

B C B \

' W Cyas no crenenn aedopMatmy CBHIIIIOROFO CTAKAHA (poT. & » 5),.n3puim_au

: pTa C. Martines o6nanger GOABIIHNM paspywmTelb-
SO . .

‘peaknug cueci METHAOBOTO CRit

" HuM ReRCTBUEM. N

e ﬂpouene'uuuil B onuTe S-M ragopuift
~wse pesyanTarh: COq —
1199, N —13.60)5 1J3 upieacHiuX
LT Y Bﬂpuhﬂ' .CMeCH IeTllJlOBOI‘O cnypTa

e TOABLKO BONOPONA, HO M JHAUNTEIBHOTO KON
. OKHCH Yriepona CAeAyeT B ‘Gonpuen  uepe oTHecTH 33 Che

TeTPHAOBOTO netTonaTopa.

o '

Sanitized Copy Appr e Y et _
nitized Copy Approved for Release 20 | - CIATRE
11/09/14 : CIA-RDP80-00809A000600380724-¢
JOUU -6

0, — 0,200/, Og— 15%w
Aanfibix anaauda ascTByer, YT0 pedh-

¢ maruwen npoTexaer ¢ 06pa30BaHHEN

ananns NPOAYKTOB B3pHBA NaN cenyo-

CO — 23.5%,, Hy — 50.6%0, CHe—

gyccTBA METaHA. Hannure. xe
T nOﬂOﬂH“TeJlbllOl'_O




- H N . '

Sanitize Copy Approved for Release 201 1/09/14 : CIA-RDP8-00809A000600380724-6

vBa},:'umruc c}kecq' ‘ p
» 'npﬁa*ﬁmi 10ATOM RUPAINTH GRaroXAP
R wntepec x-padore. :

! - B o

N

“iakAiNGHNE §RTOP CUATACT CPOMM
! ps.l‘(‘.lk.' Anapeepy 3a MOCTORMHH

| Sanitized Copy Approved for Release 2011/09/14 : CIA-RDP80-00809A000600380724-6




“ B : ’ r
' ' . - : :

Sanitized Copy Approved for Release 2011/09/14 : CIA-RDP80-00809A000600380724-6 m




